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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a cholesteric liquid 
crystal comprising an optically active organic silicon 
high-molecular polymer. 

SOLUTION: This cholesteric liquid crystal comprises the 
optically active organic silicon high-molecular polymer 
represented by a structural formula of the formula 1 
[wherein, Rl and R2 are each same or different 2-22C 
alkyl or an aralkyl having a phenyl at the terminus of 
a 2-22C alkyl; R3 is a chiral alkyl having a branched 
structure at the j3 -position; R* is a chiral alkyl 
having a branched structure at the j3 -position in 
(S)-type and/or (R)-type, with the proviso that when 
the (S) and the (R) coexist, the content of either one 
is at least 1% more than that of the other; and m is 
>0, (n+m) is 10-50,000 and n/(n+m) is >0. 01], and 
having a rigid rod-like helical structure. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] It is expressed with the following (formula 1) structure expression, and is 
[Formula 1]. 



The inside Rl and R2 of [type is the same or the aralkyl radical which differs and has a 
phenyl group at the alkyl group of C2-C22, or the end of C2-C22. R3 is an achiral alkyl 
group which has branching structure in beta-location. R* shows the chiral alkyl group 
which has branching structure in beta-location, and when (R) coexists with a left-hand 
mold (S) or/and a right-hand mold (R) , however (S), many either is contained at least 1% 
or more. m>=0 and (n+m) are 10-50000, and n/ (n+m) >=0. 01. ] Cholesteric liquid crystal 
which consists of an optical-activity organic silicon macromolecule polymer of helical 
upright rod-like structure. 

[Claim 2] Cholesteric liquid crystal which consists of an optical-activity organic 
silicon macromolecule polymer of the upright cylindrical helical structure according to 
claim 1 characterized by (n+m) being 10-100. 

[Claim 3] the same the inside Rl and R2 of a formula — or — differing — the alkyl 
group of C8-C18, m= 0, a left-hand mold (S) , or/and a right-hand mold (R) — [ — 
however, when (R) coexists with (S) , many either is contained at least 1% or more. ] 
Cholesteric liquid crystal which consists of an optical-activity organic silicon 
macromolecule polymer of the upright cylindrical helical structure according to claim 1 
or 2 which comes out and is characterized by a certain thing. 



[Translation done. ] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is polysilane which skeletal structure becomes 
only from Si, and has one chiral alkyl group to which at least 1% or more of Si of Si 
which constitutes this frame has branching structure in beta-location, and all Si except 
said has been saturated by the alkyl group which has a phenyl group at an organic 
achiral radical especially an alkyl group, or the end, and is related with the 
cholesteric liquid crystal which consists of an optical-activity organic silicon 
macromolecule polymer of the upright cylindrical helical structure where Si which 
constitutes skeletal structure is 10-50000. Said optical-activity organic silicon 
macromolecule polymer is used as a tetrahydrofuran solution to it being uprightly 
cylindrical (0.1 -0.2 g/vol%), and when the helical polysilane in which the viscosity 
index (alpha) (a concrete measuring method is shown later. ) measured at 30 degrees C is 
at least 1. 3, and has die length of about 2 micrometers with an atomic force microscope 
(AFM) is observed, the structure which the very long cylindrical segment combined by the 
kink section is shown. Cholesteric-liquid-crystal nature is brought about by the 
configuration by which the chemical structure of said organic silicon macromolecule 
polymer is characterized. 
[0002] 

[Description of the Prior Art] As a conventional technique, about an optical-activity 
organic silicon macromolecule polymer and a copolymer technique The above-mentioned 
polymer, its manufacturing method, and the resist ingredient of positive types 
(photolysis mold etc.), The column ingredient with enantiomer molecular recognition 
ability for high performance chromatography (HPLC) or gas chromatographies (GC) , Or 
since the interaction between chains can be disregarded, as model matter for fundamental 
researches of the light and the electric physical properties of a single dimension 
quantum wire semi-conductor, the application to the physical properties as exciton 
matter or research of a function has been considered. As reference which has reported 
said technique, at least gamma can mention JP, 1 1-158288, A as JP, 10-226727, A, 
JP, 9-40783, A, and a chiral alkyl group as what has reported the optical-activity organic 
silicon macromolecule using what is asymmetrical carbon as reference which has reported 
JP, 7-33784, A which indicated the technique about an organic silicon compound, 
JP, 6-306087, A, and a copolymer technique. 

[0003] Each molecular-weight-distribution property of an organic silicon polymer given 
in said reference is bimodality (bimodal). Moreover, when the optical-activity organic 
silicon giant-molecule polymer and copolymer which are mentioned with said conventional 
technique have a chiral radical in a side chain, taking a RASEN pitch and stiffness 
giant-molecule structure is known. 

[0004] As other examples of a polymer with the above upright cylindrical helical 
structures Long n-alkyl chain, Polyglutamic acid with n-decyl group for example, by 
Watanabe etc. It is reported 0. [ reference 1. Thermotropic ] 

polypeptides. 1. Investigation of cholesteric mesophase propertes of poly (gamma-methyl 
D-glutamate-co-gamma-hexyl D-glutamate) s (with Y. Fukuda, R. Gehani and I.Uematsu), 
Macromolecules, 17, and 1004 (1984) : 2. Themortopic polypetides. 2. Molecular packing 
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andthermotropic behavior of poly (L-glutamates) with long n-alkyl sidechains (with H. Ono, 
A.Abe and I.Uematsu), Macromoleccules, 18, and 2141 (1986) : 3. Thermotropic 
polypeptides. 6. On cholesteric mesophase with Grandjean texture and its solidification () 
[ with ] T. Nagase, H. Itoh, and T. Ishii and T. SatohMol. Cryst. Liq. Cryst. and 
160, 432 (1988) : 4. Thermotropic liquid crystals in polypetides In"Ordering in 
Macromolecular Systems", A. Teramoto, M. Kobayashi and T. Norisue, Eds., Springer-Verlag, 
Berlin, Heidelberg, p99~108 (1994). Moreover, in here, the report that not only a 
cholesteric-liquid-crystal property but hexagonal KARAMUNA and a smectic phase are 
observed is carried out by the polyglutamic acid which has a long-chain alkyl group more 
than n-decyl group. Moreover, when the description of said macromolecule cholesteric 
liquid crystal is in the place which can fix cholesteric-liquid-crystal structure as a 
film and there is the plane orientation effectiveness based on the stiffness of a 
molecule, preparation of a liquid crystal phase is also simplified. Furthermore, advance 
of the cholesteric screw type voice change by having the thermotropic 
cholesteric-liquid-crystal nature of high temperature dependence, however temperature 
jump is very slow, for example, this thing is reported by about 10-degree C temperature 
jump for about ten minutes. In addition, the property of cholesteric liquid crystal and 
various applications are mentioned. 

[0005] Furthermore, it is reported like said polyglutamic acid upright or some that 
other thermotropic liquid crystal nature and lyotropic liquid crystal nature are shown 
also in the cellulose and the poly isocyanate which are a half-upright polymer, and all 
aromatic series polymers. By the way, it is supposed that it is what liquid crystal is 
characterized in the form and how to be located in a line of the molecule which mainly 
constitutes it. And it is because there is an atomic group which it is also known that 
many things which show liquid crystal are rod-like molecules, it will be supposed [ 
atomic group ] that [equivalent to said right-hand mold (R) or a left-hand mold (S) ] and 
this structure which can be twisted on the right or the left are originated in the 
asymmetry of a molecule if a molecule is piled up in cholesteric liquid crystal, and 
generates torsion. Such a molecule is called the chiral molecule. 
[0006] 

[Problem(s) to be Solved by the Invention] Since the optical-activity organic silicon 
macromolecule polymers of upright cylindrical helical structure took torsion structure, 
this invention person etc. considered it that there will be some said organic silicon 
macromolecule polymers which have a useful liquid crystal property from the description 
of the structure. Therefore, the technical problem of this invention is finding out the 
optical-activity organic silicon macromolecule polymers which show liquid crystallinity, 
and is finding out a liquid crystal property still more peculiar to this macromolecule. 
While inquiring about the property of the optical-activity organic silicon macromolecule 
polymer currently mentioned with said conventional technique, and a copolymer technique, 
this invention person etc. classified to the thing of the molecular weight which divided 
the molecule which is not that in the bimodal state and constitutes said polymer, and 
considered observing the property of the classified polymer. Then, it is because the 
polymer appropriate for the purpose is compoundable if needed if the approach of 
obtaining alternatively the field of the molecule in which the property is shown is 
established. 

[0007] Therefore, although processing which classifies the optical-activity organic 
silicon macromolecule polymers compounded by the conventional approach was carried out 
and the property was observed for every thing of the divided molecular weight according 
to the technique of said research, the polymer with upright cylindrical helical 
structure found out having a very unique property, i. e. , a liquid crystallinity 
property, starting with observing the temperature change and optical property of what 
has comparatively small molecular weight of a bimodal polymer. And when the 
optical-activity organic silicon macromolecule polymer of upright cylindrical helical 
structure was observed by AFM, that the structure of the molecule has the structure 
which a very long segment combines in the kink (break point) section, and such a 
molecule were used as the tetrahydrofuran solution (0.1 -0.2 g/vol%), and it discovered 
that the viscosity index measured at 30 degrees C had at least 1. 3 (about a measuring 
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method, it mentions later). Furthermore, various applications can be considered that the 
property over wavelength changes a lot by the difference in molecular weight, by the 
ability raising temperature and changing a wavelength property, etc. For example, if 
I-fr5 which is a fraction with big molecular weight is used, the use as a liquid crystal 
tunable filter of infrared light (I550nm used for optical communication and 1300nm) can 
be considered. 

[0008] Said viscosity determination is shown below. 

1. The GPC-VISCO method (Gel Permeation Chromatograph-Viscometer law) principle GPC 
method is a kind of liquid chromatography which separates a macromolecule chain by the 
difference in molecule size (hydrodynamic volume). It is the technique of carrying out 
sequential count of the limiting viscosity, molecular weight, and content of a solution, 
and finally acquiring the information about the molecular weight property and viscosity 
property of a high polymer by incorporating a viscosity detector (VISCO) and a 
differential refractometer (RI), and measuring retention volume for the limiting 
viscosity and the refractive-index difference of a polymer solution by which size 
judgment was carried out by GPC later on. 

2. Measuring Condition GPCH50-C Mold Gel Permeation Chromatography (GPC) (Product made 
from Waters) 

Column: TSKgelGMHXL (the bore of 7.8mm, die length of 30cm, and 3) (T0S0H make) 

Solvent: Toluene (SN42 - 45 Nakarai Tesuku make) 

The rate of flow: 1.0 mL/min (observation 1.024 mL/min) 

temperature: — 70-degree-C sample concentration: — 1:0.2877 w/v% (70 degrees C) 
Solubility: Full dissolution (about 70 degree-Cx 15 minutes) 
Filtration: Metal filter 0. 5micrometer (product made from Waters) 

injection rate: — 800microL detector: — x[ 32 ] 40% (product made from Waters) of 
differential refractometer RI sensibility 

Molecular-weight proofreading: 10 Single molecule polystyrene of a seed (T0S0H make) 
VISC0:H502a mold Viscosity detector (product made from VISC0TEK) 
Capillary tube: 0. 5mm(bore) x61cm (die length) 

temperature: — 70-degree-C data-processing: — GPC-VISCO data-processing-system UNICAL 

Ver. 4. 05 (product made from VISCOTEK) 

[0009] 

[Means for Solving the Problem] This invention is [0010] expressed with the following 
(formula 1) structure expression. 
[Formula 2] 



ft^H 



Si - 
I 

R* R3 



<j£l) 



[0011] The inside RI and R2 of [type is the same or the aralkyl radical which differs 
and has a phenyl group at the alkyl group of C2-C22, or the end of C2-C22. R3 is an 
achiral alkyl group which has branching structure in beta-location. R* shows the chiral 
alkyl group which has branching structure in beta-location, and when (R) coexists with a 
left-hand mold (S) or/and a right-hand mold (R) , however (S) , many either is contained 
at least 1% or more. m>=0 and n+m are 10-50000, and n/(n+m) >=0. 01. ] It is cholesteric 
liquid crystal which consists of an optical-activity organic silicon macromolecule 
polymer of upright cylindrical helical structure. Preferably, the above (n+m) is 
10-1000. It is cholesteric liquid crystal which consists of an optical-activity organic 
silicon macromolecule polymer of the upright cylindrical helical structure more 
preferably characterized by being 40-100. Still more preferably the same the inside RI 
and R2 of a formula — or — differing — the alkyl group of C8-C18 — it is — m= 0 — 
it is — a left-hand mold (S) or/and a right-hand mold (R) — [ — however, when (R) 
coexists with (S) , many either is contained at least 1% or more. ] It is cholesteric 
liquid crystal which consists of an optical-activity organic silicon macromolecule 
polymer of the upright cylindrical helical structure which comes out and is 
characterized by a certain thing. 
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[0012] 

[The mode of operation of this invention] This invention is explained more to a detail. 
A. Although the chemical structure of the optical-activity organic silicon macromolecule 
polymers which show cholesteric liquid crystal is as having indicated as the above 
(formula 1), 1. of they is a homopolymer, and 2. is a copolymer, and a copolymer is 
divided roughly and divided into two kinds of macromolecule copolymer systems, 
a. — the optical-activity dichlorosilane and the optically inactive dichlorosilane to 
which one corresponds — ** — what compounds the optical-activity polysilane copolymer 
which is carrying out demineralization copolymerization with toluene Nakakane group 
sodium, and corresponds — it is — b. — another system is carrying out 
demineralization copolycondensation of corresponding (S) -arrangement optical-activity 
dichlorosilane and (R) -arrangement optical-activity dichlorosilane to toluene Nakakane 
group sodium, and compounds a corresponding optical-activity polysilane copolymer. If a 
tee uses the thing in beta location as an optical-activity organic substituent which is 
used in the case of which, there is neither racemization in Na demineralization 
condensation reaction process nor fear of a transition reaction, and since extent of the 
steric hindrance between the silicon monomers at the time of a condensation reaction is 
also comparatively small, the optical-activity chain-like organic polysilane of the 
amount of macromolecules will generate easily, moreover, a pole — about little beta — 
chiral carbon — the principal chain of the organic whole polysilane polymer of a 
chain-like frame — almost — an one direction — and it is known that the effectiveness 
fixed in the helix of constant pitch is remarkable. 

[0013] therefore, the thing for which the organic radical of the side chain combined 
with Si of a chain-like frame is chosen appropriately — further — polymerization 
degree and a formula 1 — setting (n+m) — liquid crystallinity should be excellent in 
the structure of the organic whole polysilane polymer by making it suitable Composition 
of a polymer can be made according to the approach of a publication in the above 
mentioned reference. 

[0014] B. Extract the bimodal polymer obtained by the manufacture approach of 
optical-activity organic silicon macromolecule polymers given in said well-known 
reference in this invention as a polymer of the molecule field divided using the 
combination of a suitable solvent. What blended alcohol or little water, such as toluene 
which is the solvent of said polymers, isopropyl alcohol which is the poor solvent of 
said polymer, ethanol, and a methanol, as a division solvent so that solubility might be 
adjusted can be used. 

C. The liquid crystal ingredient of this invention can design a filter with desired 
circular polarization of light reflection, if molecular weight is appropriately designed 
so that I may be understood also from drawing 1 . And said absorption property is 
switchable with temperature control, said temperature dependence (temperature up) when 
raising temperature, although the temperature (critical temperature) which starts change 
linearly [ the temperature dependence of said absorption property ] with molecular 
weight differs, and the temperature dependence (temperature fall) when descending — the 
same — if it puts in another way, a property without residual distortion is shown. 
Moreover, drawing 2 adds the data of circular polarization of light reflectivity to 
drawing 1 . Although drawing 3 and 4 observe the temperature dependence of the circular 
dichroism of the HERUKARU structure of the optical-activity organic silicon 
macromolecule polymer molecule principal chain of upright cylindrical helical structure, 
they show that it is substantially temperature-independent. If it puts in another way, 
the temperature dependence by said polymer shows changing [ the pitch of RASEN of the 
polysilane molecule of an upright cylindrical helical structure ] ****. Drawing 5 is 
what measured the earliness of advance of the RASEN gestalt (pitch) change at the time 
of jumping the temperature of the polymer of I-fr. 7 from 70 degrees C to 110 degrees C, 
and shows that change is mostly completed in about 2 minutes. 
[0015] 

[Example] Composition of the n-DESHIRU- (S) -2-methylbuty 1 dichlorosilane which is an 
example II. raw material monomer. 

A. Magnesium 3. 9g (0. 16mmol) was put into the dry three necked flask (300mL) , and the 
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argon permutation of the inside of a flask was carried out. 

this after pouring in THF (tetrahydrof uran) 50mL and heating at 70 degrees C — dibromo 
butane — small quantity — in addition, it agitates and a magnesium front face is 
activated. From a dropping funnel, 1-chloro- (S) -2-methyl-butane 14. 3g (0.13 mols) is 
dropped, and it agitates for 2 hours, and lowers to a room temperature after that. The 
Grignard reagent was obtained. B. Put n-decyltrichlorosilane 44. 25g (0.16 mols) into the 
dry three necked flask (300mL) with THF50mL. After carrying out a temperature up to 60 
degrees C, the TNF solution of the Grignard reagent obtained at A. process is dropped 
slowly. Pressure filtration of the product was carried out and 32. 62g of presentation 
living things was obtained. The vacuum distillation (0. 8mmHg) machine generated this 
using the difference between the boiling point [100 degrees C (0. 8mmHg)] of the quality 
of the specified substance (the above-mentioned dichlorosilane) , and the boiling point 
[130 degrees C (0. 8mmHg) ] of the trichlorosilane of the above-mentioned raw material. 
Dehydration deaeration is fully carried out and argon inert gas replacement of the 
inside of synthetic A. reaction container of II. polysilane is carried out. 18-crown 
ether -6 (34. Omg) is put into said reaction container, and it heats at 120 degrees C (on 
an oil bath). 0. 3g (12. 84mmol) of metallic sodium and dehydration toluene 50ml were put 
into the reaction container. Said raw material monomer 2. Og (6. 42mmol) is dropped 
slowly, agitating. Whenever viscosity becomes high, dehydration toluene is added and 
viscosity is lowered. Pressure filtration of the reaction mixed solution is carried out 
after 2-hour churning. The polymers before purification were molecular weight 1 million 
[ about ] and bimodality (Bimodal) which has [ about 50,000 ] a peak. 

B. Purification (judgment of a polymer) 

A. Reprecipitate by isopropyl alcohol and ethanol and carry out sequential extraction of 
the toluene solution of the polymer which the process ended from the thing of the amount 
of macromolecules. Fraction I-fr. 1-I-fr. 5 of Table 1 are first extracted by pressure 
filtration and the vacuum drying. 

C. Subsequently make the remaining solution reprecipitate with a methanol. Fraction 
I-fr. 6 of Table 1 are extracted by pressure filtration and the vacuum drying. The 
polymerization degree (n in a formula 1 and m are 0) of I-fr. 6 is about 40. 

D. Make it reprecipitate bywater finally. Fraction I-fr. 7 of Table 1 are extracted by 
pressure filtration and the vacuum drying. The polymerization degree (n in a formula 1) 
of I-fr. 7 is about 58. 

[0016] 
[Table 1] 











Friction [%] 


I-fr.l 


1.05X10* 


1.42X10' 


13.5 






6.86 X10 6 


1.50X 10' 


2.18 


74.9 




241x10 s 


2.95 x10 s 


1.22 


25.1 




8.34X 10* 


1.92X10' 


2.30 


98.0 




1,41x10 s 


1.74x10 s 


123 


2.0 


t-fr.4 


5J2X10 4 


7.02X10 4 


1.32 






2.24 x 10* 


2.68X 10* 


1.20 




Mr.6 


1J5X10 4 


1.65X10* 


1.22 




I-fi\7 


9.35 X 10* 


1.11x10* 


1.19 




l-fr.8 


4.73 X 10 3 


6.43 x10 s 


1.35 





l : bimodal M.=6.25 X 10* M.-2.90 X 10* 

PwUU M.- 1.40X10* Feak2 M,«8-S7X10* 
MJ M,=2.24 MJ M.-2.95 

(63.5%) (36.5%) 

[0017] Drawing 1 shows the temperature dependence of the relation of the CD reflective 
peak wavelength of the cholesteric-1 iquid-crystal polymer of preparative isolation 
polymer I-fr. 5, I-fr6, and I-fr 7 and average molecular weight in said table 1, and the 
cholesteric-liquid-crystal polymer of each average molecular weight. There is a critical 
value in the temperature dependence of a cholesteric-liquid-crystal polymer, and it is 
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guessed that the one of a critical value v/here average molecular weight is smaller is 
low. Drawing 2 shows the relation of the magnitude (reinforcement) of the circular 
dichroism in each temperature of CD reflective peak wavelength of the 
cholesteric-liquid-crystal polymer of I-fr7 of drawing 1 . When drawing 5 observed the 
responsibility over the temperature jump of the circular dichroism of the 
cholesteric-liquid-crystal polymer of I-fr7 and the temperature jump of the temperature 
was carried out from 70 degrees C at 110 degrees C, it was observed that advance of 
circular dichroism is completed in about 2 minutes. This property observes one 
evaluation as a tunable filter of cholesteric liquid crystal. 
[0018] 

[Effect of the Invention] As stated above, an upright cylindrical helical structure 
optical-activity gay with the optical-activity alkyl group at least whose beta- is 
branching structure, or copolymerization polysilane brings about the outstanding 
effectiveness that various applications, for example, the cholesteric-liquid-crystal 
ingredient which can be used as a tunable filter, can be offered, by designing a mean 
molecular weight suitably. 

[Translation done. ] 
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